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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

• If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1 .704(b). 

Status 

1)E Responsive to communication(s) filed on 17 August 2001 . 
2a)D This action is FINAL. 2b)S This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1 935 CD. 1 1 , 453 O.G. 21 3. 

Disposition of Claims 

4) E3 Claim(s) 1.4-12 and 15-24 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) M Claim(s) 1,4-12 and 15-24 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) Q Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) O The drawing(s) filed on is/are: a)Q accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11) D The proposed drawing correction filed on is: a)Q approved b)D disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§ 119 and 120 

13) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f). 

a)0 All b)D Some*c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2.Q Certified copies of the priority documents have been received in Application No. . 



3.Q Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 1 19(e) (to a provisional application). 

a) □ The translation of the foreign language provisional application has been received. 

15) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 
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2) IZI Notice of Draftsperson's Patent Drawing Review (PTO-948) 
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6) □ Other: 



U.S. Patent and Trademark Office 

PTO-326 (Rev. 04-01) 



Office Action Summary 



Part of Paper No. 19 



Application/Control Number: 09/092,158 
Art Unit. 2823 

DETAILED ACTION 



Page 2 



, Applet's revest for recension of the fin*, of*, ration of «he last Office 
action is persuas„e and, therefore, the fin*, of *a, action is wthdrawn. 

CYa/m Rejections - 35 USC§102 
, The fo Uow,„ g is a .uotanon of the approbate paraphs of 35 U.S.C. ,02 that form the 
basis for the rejections under th,s secfon made in this Office action: 

A person shall be entitled to a patent unless - 

j j„,«iKf 102(M as being anticipated by 
3. Clatms 1, 5, 6, 12, 16, 17, and 24 are reacted under 35 U.S.C. 102(b) 

Kim etal. (U.S. Patent No. 5,591,671). 

,„ re cla,m 1. ^ e, al <h«n referred to as Kin) sho.s in Fi^es 4A-4C, for example, a 
process for f a b r,ca Mg aco„ B ct ,n ase.iconductor s U hs„,e (,) hav,n g aco„ K c t open.n.formed 

ope^andonatieastapo^onofthesem— r snW, .here,n *e de P ositin g ti,e b arr,er 
1 a y er,nc W esdeposit 1 n g at, B n, uml a y er( 26 )anddeposi mg ati M i Um ni W de 1 „er (2 7)onti 1 e 

suff ,c,en, to »„eal *e barner layer (column 4, ,,n= .0 - column 6, l.ne 30) . 

In re c.a,ms 5 and .6, Kin, shows where,n the depos,tin g the contact ******* 
depose tungsten (column 4, line 10 - column 6, line 30) . 
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In re claims 6 and 17, Kim shows wherein the depositing includes depositing the tungsten by 
chemical vapor deposition {column 4, line 10 - column 6, line 30} . 

In re claim 12, Kim shows in Figures 4A-4C, for example, a process for fabricating an 
integrated circuit including forming an active device on a semiconductor substrate (21); forming a 
contact opening in a dielectric (24) deposited on the active device, wherein the contact opening is in 
electrical contact with the active device; depositing by physical vapor deposition a barrier layer 
(26/27) in the contact opening and on at least a portion of the semiconductor substrate, wherein the 
depositing the barrier layer includes depositing a titanium layer (26) and depositing a titanium nitride 
layer (27) on the titanium layer; depositing a contact metal (28) on the barrier within the contact 
opening; removing a substantial portion of the contact metal and the barrier layer from the 
semiconductor substrate to form a contact plug within the contact opening; and subjecting the 
contact plug to a temperature sufficient to anneal the barrier layer {column 4, line 10 - column 6, 
line 30}. 

In re claim 24, Kim shows in Figures 4A-4C, for example, a process for fabricating a contact 
in a semiconductor substrate (21) having a contact opening formed therein, including depositing a 
barrier layer (26/27) in the contact opening and on at least a portion of the semiconductor substrate, 
wherein the depositing the barrier layer includes depositing a titanium layer (26) and depositing a 
titanium nitride layer (27) on the titanium layer; depositing a contact metal (28) on the barrier within 
the contact opening; removing a substantial portion of the contact metal and the barrier layer from 
the semiconductor substrate to form a contact plug within the contact opening; and subjecting the 
contact plug to a temperature sufficient to anneal the barrier layer {column 4, line 10 - column 6, 
line 30} . 
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Claim Rejections - 35 USC § 103 

4. The text of those sections of Title 35, U.S. Code not included in this action can be found in 
a prior Office action. 

5. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kim. 

In re claim 23, Kim substantially discloses the invention as claimed but fails to show wherein 
the active device includes forming an active device having a design width of about 0.25 microns or 

less. 

It would have been obvious to one of ordinary skill in the art at the time the invention was 
made to form the active devices of Kim such that they have a design width of about 0.25 microns or 
less since a semiconductor substrate containing active devices with a design width of about 0.25 
microns or less would minimize the dimensions of the overall device and result in a fabrication 
process utilizing a higher packing fraction and more efficient use of the space on the substrate. 
Furthermore, the specification contains no disclosure of either the critical nature of the claimed 
dimensions or any unexpected results arising therefrom. Where patentability is said to be based 
upon particular chosen dimensions or upon another variable recited in a claim, the applicant must 
show that the particular dimensions are critical. 

6. Claims 4, 8-10, 15, and 19-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kim in view of applicants admitted prior art. 

In re claims 4 and 15, Kim shows wherein the contact opening is formed in a dielectric (24) 
{see Figure 4A} . 

Kim fails to show wherein the contact opening formed the dielectric has an aspect ratio 
ranging from about 3:1 to about 5:1. 
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Applicants admitted prior art teaches that it is well known that the semiconductor market 
demands for faster and more powerful integrated circuit, have resulted in significant growth in the 
number of device per unit area (i.e., a higher packing fraction of active devices). Accordingly, this 
increased packing fraction means that interconnections for circuits are made to a minimization of 
dimensions. Accordingly, aspect ratios of contacts are now on the order of about 3:1 to as high as 
about 5:1 {page 1, line 16 - page 2, line 6} . 

It would have been obvious to one of ordinary skill in the art at the time the invention was 
m ade to form the contact opening of Kim so as to have an aspect ratio of between about 3:1 and 
about 5:1 as in the applicants admitted prior art since, as evidenced by applicants adm.tted prior art, 
in order to prov.de a device that meets the markets stringent demands and a device with a contacts 
with aspect ratios between about 3:1 and about 5:1 have the capability to accommodate a higher 
packing fraction. 

In re claims 8, 9, 19, and 20, Kim substantially discloses the invention as claimed but fails to 
show wherein the barrier layer has a thickness ranging from about 5 nm to about 20 nm within the 
contact opening and wherein a field thickness of the barrier layer outside of the contact opening has 
a thickness of about 75 nm or greater; nor wherein me thickness of the barrier layer within the 
contact opening is about 5% to about 20% of the field area thickness. 

Applicants admitted prior art teaches that barrier layers deposited by PVD methods within 
contact openings having aspect ratios large enough to keep up with the market trends in dimensional 
m ,nimization and packing density maximization may be formed such that the barrier layers may have 
a thickness ranging from about 5 nm to about 20 nm within me contact openings and a thickness of 
75 nm or greater in field areas outs.de the contact openings and that, because of the irregular 
topography of the surface of the device, the PVD process deposits barrier layers within the contact 
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opening only 5% to 20% as thick as portions of barrier layers that are deposited in the field areas 
outside the contact openings {page 4, lines 1-18}. 

It would have been obvious to one of ordinary skill in the art at the time the invention was 
made to form the barrier layer of Kim such that the barrier layer had a thickness ranging from about 
5 nm to about 20 nm within the contact opening and wherein a field thickness of the barrier layer 
outside of the contact opening has a thickness of about 75 nm or greater, wherein the thickness of 
the barrier layer within the contact opening is about 5% to about 20% of the field area thickness 
because, as evidenced by applicants admitted prior art, a barrier layer with the aforementioned 
dimensions would provide a for functioning barrier layer within contact openings having aspect 
ratios large enough to keep up with the market trends in dimensional minimization and packing 
density maximization and the difference in barrier layer thickness within and outside contact 
openings is simply the manifestation of applying a PVD process to deposit a barrier layer within a 
high performance device capable of keeping up with the market trends in dimensional minimization 
and packing density maximization. Furthermore, the specification contains no disclosure of either 
the critical nature of the claimed dimensions or any unexpected results arising therefrom. Where 
patentability is said to be based upon particular chosen dimensions or upon another variable recited 
in a claim, the applicant must show that the particular dimensions are critical. 

In re claims 10, and 21, Kim shows wherein removing a substantial portion includes 
removing the contact metal and the barrier layer from outside the contact opening {see Figure 4B} . 
7. Claims 11 and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over Kim in 
view of applicants admitted prior art as applied to claims 10 and 19 above, and further in view of 
Bothra. 
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In re claims 11 and 22, Kim shows wherein the removing the contact metal and the barrier 
layer includes removing the contact metal and the barrier layer by etching processes {column 4, line 

10 - column 6, line 30} . 

Kim in view of applicants admitted prior art does not show wherein the contact metal and 
the barrier layer are removed by chemical mechanical polishing processes. 

Bothra shows, in an analogous art related to methods of making reliable interconnect via 
structures, in Figures 3-6, for example, removing substantial portion of a contact metal (140) and a 
barrier layer (130) from a semiconductor substrate (100) to form a contact plug within the contact 
opening wherein the contact metal and the barrier layer are removed by an etching process that 
includes CMP processes {column 5, line 6 - column 7, line 3} . 

It would have been obvious to one of ordinary skill in the art at the time the invention was 
made to remove the contact metal and barrier layer of Kim in view of applicants admitted prior art 
using CMP processes since, as evidenced by Bothra, CMP processes are well known processes 
known in the art which are able to remove contact metals and barrier layers to form contact plugs 
and the selection of a known contact plug etching process on the basis of its suitability for the 
intended use involves only routine skill in the art 

8. Claim 1 8 is rejected under 35 U.S.C 1 03(a) as being unpatentable over Kim in view of 
Koyama. 

In re claim 18, Kim shows wherein the subjecting includes subjecting the contact plug to a 
thermal anneal process for a period ranging from 10 minutes to 60 minutes and a temperature of 
550 °C. 



Page 8 

Application/Control Number: 09/092,158 
Art Unit 2823 

Km does no. show wherein the sub.ecting includes subjecting the contact plug to a rapid 
thermal anneal process for a period ranging from about 5 seconds to about 60 seconds and a 
temperature ranging from about 600 °C to about 750 »C. 

Koyama teaches, in an analogous ar, related to a process for fabricating interconnections of 
a semiconductor dev,ce based on I>VD, ma. a barrier layer formed from a ti.anium layer and a 
„ta„,u m n.tnde iayer formed over the ti<anium layer ma, be annealed u S ,ng a rapid me m al anneal 
process for a pcnod ranging from abou. 5 seconds .o abou. 60 seconds and a .emperature ranging 
from about 600 °C to about 750 °C (column 6, lines 3-45) . 

It would have been obvious .o one of ordinary skill ,n me ar. a. .he time the invention was 
made to perform me subjecting step of Km as a rapid thermal anneal process according to Koyama 
since the rapid thermal process of Koyama would accomplish what the thermal process of Kim 
accomplishes and would fiarther reduce the thermal budge, of the device, .hereby providing a more 
robust fabrication sequence. 

Conclusion 

9 . Paper rela.ed to this application may be submitted direct,, to Art Unit 2823 by facsimile 
transmission. Papers should be faxed to Art Un,. 2823 v,a me Art Unit 2823 Fax Center located ,n 
Crystal Plaza 4, room 4C23. The faxing of such papers must conform wrth *e nouce published in 
me Official Gazette, 1096 OG 30 (.5 November 1989). The An Unit 2823 Fax Center number ,s 
(703, 308-7722 or -7724. The Art Unit 2823 Fax Center is to be used only for papers related ,0 Art 
Unit 2823 applications. 
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Any inquiry concerning this communication of earlier communication from the examiner 
should be directed to Kurt Eaton at (703) 305-0383 and between the hours of 8:00 AM to 4:00 PM 
(Eastern Standard Time) Monday through Friday or by e-mail via knrt.fiatan @uspto.goy . 




